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FOREWORD 

V 

The following table summarizes t h e  consumables requirements f o r  
t h e  Apollo 10  mission. 
not include dispers ions and contingencies. 

Percentages r e f e r  t o  nominal usage only and do 

Consumable 

CM RCS 

SM RCS 

s PS 

May 18 launch 
May 17 launch 

LM RCS 

DPS 

APS 

CSM O2 

CSM H2 

LM descent b a t t e r y  

LM ascent b a t t e r y  

Percentage of a v a i l a b l e  consumable 
used f o r  mission planning 

15  

60 

92 
89 

65 

5 

100 

66 

77 

36 

73 

These r e s u l t s  were obtained from d e t a i l e d  consumables analyses 
performed on t h e  Apollo 10 RCS, SPS, AF'S, DPS, and EPS. A time h i s t o r y  
of t o t a l  consumables weight loss is  a l s o  presented. The ECS ana lys i s  
w i l l  be supplied when t h e  detai led operat ional  t r a j e c t o r y  time l i n e  is 
ava i lab le .  

The p r i n c i p a l  sources of data were the  data books (refs. 1, 2, 
and 3) .  The RCS and EPS analyses were based on t h e  Apollo 10  rough 
draft preliminary f l i g h t  plan ( r e f .  4 ) .  The operat ional  procedures 
described i n  t h i s  study a r e  not intended t o  def ine  mission r u l e s  or  

iii 



, 

crew procedures but  a r e  merely an attempt t o  e s t a b l i s h  an es t imate  of 
t h e  consumables requirements . 

Support w a s  obtained from TRW Systems Group, from North American 
Rockwell, from Grumman Aircraf t  Engineering Corporation, from t h e  
Apollo Spacecraft  Program Office,  and from t h e  Instrumentat ion and 
Electronics  Systems Division. 

J 

i v  



. . .  

CONTENTS 

Sec t ion  

1 . 0  

2.0 

3 .0  

4.0 

5.0 

6.0 

7 . 0  

8.0 

9.0 

10.0 

11.0 

12.0 

Page 

THE CM RCS ANALYSIS . . . . . . . . . . . . . . . . . .  1 

THE SM RCS ANALYSIS . . . . . . . . . . . . . . . . . .  2 

THE SPS ANALYSIS . . . . . . . . . . . . . . . . . . .  23 

THE LM RCS PROPELLANT ANALYSIS . . . . . . . . . . . .  27 

THE DPS ANALYSIS . . . . . . . . . . . . . . . . . . .  33 

THE APS ANALYSIS . . . . . . . . . . . . . . . . . . .  35 

ASSUMPTIONS AND REBULTS OF THE EPS ANALYSIS . . . . . .  36 

THE CSM ECS ANALYSIS . . . . . . . . . . . . . . . . .  43 

THE LM EPS ANALYSIS . . . . . . . . . . . . . . . . . .  44 

THE LM ECS ANALYSIS . . . . . . . . . . . . . . . . . .  @ 

TIME HISTORY OF CONSUMABLES WEIGHT LOSS . . . . . . . .  4@ 

REFERENCES . . . . . . . . . . . . . . . . . . . . . .  51 

V 



TABLES 

Table Page 

1 CM RCS PROPELLANT SUMMARY . . . . . . . . . . . . . .  1- I 

2-1 GROUND RULES AND ASSUMPTIONS FOR THE SM RCS 
ANALYSIS . . . . . . . . . . . . . . . . . . . . .  2 

3 

4 

24 

SM RCS PROPELLANT LOADING AND USAGE SUMMARY . . . . .  2-11 

SM RCS PROPELLANT BUDGET . . . . . . . . . . . . . .  2-111 

3-1 ASSUMPTIONS FOR THE SPS ANALYSIS . . . . . . . . . .  
SPS PROPELLANT SUMMPIRY 3-11 

( a )  

(b) 

May 17 launch,  72' launch azimuth, f irst  

May 18 launch,  72' launch azimuth, f i r s t  
oppor tun i ty  i n j e c t i o n  . . . . . . . . . . . .  
oppor tun i ty  i n j e c t i o n  . . . . . . . . . . . .  

25 

26 

27 

27 

28 

33 

34 

35 

35 

37 

38 

44 

48 

4-1 GROUND RULES AND ASSUMPTIONS . . . . . . . . . . . .  
4-11 LM RCS PROPELLANT SUMMARY . . . . . . . . . . . . . .  

4-111 LM RCS PROPELLANT BUDGET . . . . . . . . . . . . . .  
ASSUMPTIONS FOR THE DPS ANALYSIS . . . . . . . . . .  5-1 

5-11 DPS PROPELLANT SUMMARY . . . . . . . . . . . . . . .  
6-1 ASSUMPTIONS FOR THE APS ANALYSIS . . . . . . . . . .  

6-11 APS PROPELLANT SUMMARY . . . . . . . . . . . . . . .  
7-1 ASSUMPTIONS FOR THE CSM EPS ANALYSIS . . . . . . . .  

7-11 CRYOGENICS SUMMARY . . . . . . . . . . . . . . . . .  
9-1 ASSUMPTIONS FOR THE LM EPS ANALYSIS . . . . . . . . .  

11-1 TIME HISTORY OF CONSUMABLES WEIGHT LOSS . . . . . . .  

vi 



FIGURES 

Page Figure 

2-1 

7-1 

7-2 

7-3 

7-4 

9-1 

9-2 

11-1 

SM RCS propel lan t  p r o f i l e  

( a )  T o t a l . .  . . . . . . . . . . . . . . . . . . . . 20 
(b) Quads A and C . . . . . . . . . . . . . . . . . . 21 
( c )  Quads B and D . . . . . . . . . . . . . . . . . . 22 

To ta l  spacecraf t  current versus  t i m e  . . . . . . . . . 39 

Hydrogen remaining f o r  mission f o r  one tank  versus  
t i m e . .  . . . . . . . . . . . . . . . . . . . . . . 40 

Oxygen remaining f o r  mission f o r  one tank  versus  
t i m e . .  . . . . . . . . . . . . . . . . . . . . . . 41 

Tota l  DC energy p r o f i l e  versus  t i m e  . . . . . . . . . 42 

Descent e l e c t r i c a l  power p r o f i l e  f o r  an F mission 
f l i g h t  plan . . . . . . . . . . . . . . . . . . . . 45 

Ascent e l e c t r i c a l  load ana lys i s  f o r  an F mission 
f l i g h t  p lan  . . . . . . . . . . . . . . . . . . . . 46 

Spacecraft  weight versus ground elapsed t ime . . . . . 49 

v i  i 



ABBREVIATIONS 

AGS 

APS 

CDH 

CM 

COAS 

C S I  

CSM 

DB 

DAP 

DO1 

D P S  

E C S  

EECOM 

EPS 

F.T.P. 

H2 

IMU 

If c 

I 
SP 

LM 

LO1 

LOS 

ab or t guidance system 

ascent  propulsion system 

constant d i f f e r e n t i a l  height  

comand module 

crew o p t i c a l  alinement s i g h t  

concentr ic  sequence i n i t i a t i o n  

command and se rv ice  modules 

deadband 

d i g i t a l  au top i lo t  

descent o r b i t  i n s e r t  ion  

descent propulsion system 

environmental con t ro l  system 

e l e c t r i c a l ,  environmental, and communications 

e l e c t r i c a l  power system 

f u l l  t h r o t t l e  pos i t i on  

hydrogen 

i n e r t i a l  measurement u n i t  

f u e l  c e l l  current  

s p e c i f i c  impulse 

lunar module 

luna r  o r b i t  i n s e r t  ion 

l i n e  of s igh t  

v i i i  



. 

LPO 

MCC 

M I  

MPAD 

MSFN 

NR 

ORDEAL 

O 2  

PGNCS 

PTC 

RCS 

REV 

RR 

scs 

SEP 

SLA 

SM 

SPS 

SPS-n 

T ,  D ,  and E 

TEC 

TEI 

TLC 

TLMC 

lunar  parking orb i t  

midcourse correct ion 

minimum impulse 

Mission Planning and Analysis Divis ion 

Manned Spaceflight Network 

North American Rockwell 

o r b i t a l  r a t e  display,  e a r t h  and lunar  

oxygen 

primary guidance and navigat ion c o n t r o l  subsystem 

passive thermal control  

r eac t ion  con t ro l  system 

revolut ion 

rendezvous radar  

s t a b i l i z a t i o n  and con t ro l  subsystem 

separat ion 

spacecraft/lM adapter 

se rv ice  module 

serv ice  propulsion system 

number of t h e  SPS burn; n = 1, ..., 8 

t ranspos i t ion ,  docking, and ex t r ac t ion  

t r ansea r th  coast  

t r ansea r th  in jec t ion  

t rans lunar  coast  

t rans lunar  midcourse cor rec t ion  

i x  



TPI 

TPF 

t 

WT 

te rmina l  phase i n i t  Tat ion  ( of rendezvous ) 

t e rmina l  phase f i n a l i z a t i o n  (of  rendezvous) 

time 

weight 

X 



c 

ICONSUMABLES ANALYSIS FOR THE MOLL0 10  (MISSION F) 

SPACECRAFT OPERATIONAL TRAJECTORY 

By Mastin L. Alexander, Sam A. Kamen, Arnold J .  Loyd, 
Samuel 0. Mayfield, Dwight G. Peterson, 

and Walter S c o t t ,  Jr. 

1.0 THE CM RCS ANALYSIS 

The CM RCS propel lant  da t a  were taken from reference 1. Usage 
The CM RCS propel lant  summary i s  d a t a  were taken from reference  5. 

presented i n  t a b l e  1-1. 

TABLE 1-1.- CM RCS PROPELLANT SUMMARY 

Item RCS propel lan t  
used, lb 

Loaded 

Trapped 

Available f o r  mission 
planning 

Nominal us age 

Margin 

RCS propel lan t  
remaining, lb 

245.0 

208.6 

208.6 

177 8 

177.8 

, 
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2.0 THE SM RCS ANALYSIS 

TABLE 2-1.- GROUND RULES AND ASSUMPTIONS FOR THE SM RCS ANALYSIS 

The following ground rules were used t o  c a l c u l a t e  t h e  
SM RCS budget. 

1. The t r anspos i t i on  and docking phase of t h e  mission 
includes an SPS evasive maneuver. 

2.  The f i r s t  and t h i r d  M C C ' s  ( t r a n s l u n a r )  are executed 
as SPS burns with t h e  t h i r d  MCC followed by an RCS t r i m .  

3. Passive thermal c o n t r o l  i s  assumed t o  be i n  t h e  
PGNCS wide deadband con t ro l  mode and t o  r e q u i r e  1 lb /hr ,  
compared with 1.1 t o  1.7 l b / h r  requirement on Apollo 8 i n  
t h e  SCS con t ro l  mode, except for t h e  t e s t  periods under 
manual con t ro l  which required 2 5 l b / h r  on t h e  Apollo 8 
m i s s  ion. 

4. The s i x t h  MCC ( t r a n s e a r t h )  i s  executed as an RCS 
b u r n  of 5 fps  . 

5.  The SM RCS propel lant  a l l o c a t i o n  f o r  a CSM-active 
rescue of t h e  LM i s  cu r ren t ly  under study. The d a t a  i s  t o  
be included i n  r ev i s ion  1 t o  t h i s  document. 

6 .  The propel lant  p r o f i l e s  shown i n  f i g u r e  2-1 are 
based on usable propel lant  remaining as a funct ion of mission 
time . 
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TABLE 2-11.- SM RCS PROPELLANT LOADING AND USAGE SUMMARY 

. 

Y 

. 

Nominal loaded p rope l l an t ,  lb . . . . . . . . . . .  1342.4 

I n i t i a l  outage caused by loaded mixture 

Tota l  trapped propel lan t  , l b  . . . . . . . . . . .  26.4 

Gaging inaccuracy, lb . . . . . . . . . . . . . . .  80.4 

Del iverable  SM RCS propel lan t ,  lb . . . . . . . . .  1220 

Nominal propel lan t  used . l b  . . . . . . . . . . . .  730 
Propel lan t  used f o r  t rans lunar  phase, l b  . . . .  334 

r a t i o ,  lb . . . . . . . . . . . . . . . . . . . .  15.6  

Propel lant  used f o r  t ranspos i t ion  and 
docking, lb . . . . . . . . . . . . . . . . .  90 

Propel lant  used f o r  midcourse cor rec t ions ,  
lb . . . . . . . . . . . . . . . . . . . . .  35 

Propel lant  used f o r  passive thermal 
cont ro l ,  l b  . . . . . . . . . . . . . . . . .  106 

Propel lant  used f o r  other  i t e m s ,  l b  . . . . . .  103 

Propel lant  used f o r  lunar  o r b i t a l  phase 
(LOI-TEI i nc lus ive )  . lb . . . . . . . . . . . .  221 

l b  . . . . . . . . . . . . . . . . . . . . .  96 
Propel lant  used f o r  docked CSM a c t i v i t i e s ,  

Propel lant  used for undocked CSM a c t i v i t i e g ,  
Lb . . . . . . . . . . . . . . . . . . . . .  12 5 

Propel lan t  used for  t r ansea r th  phase, l b  . . . .  134 

l b  . . . . . . . . . . . . . . . . . . . . .  24 
Propel lant  used f o r  midcourse cor rec t ions ,  

Propel lant  used f o r  passive thermal cont ro l ,  
l b  . . . . . . . . . . . . . . . . . . . . .  74 

36 

r a t i o ,  l b  . . . . . . . . . . . . . . . . . . . .  41 

Propel lant  used f o r  other  i t e m s ,  lb . . . . . .  
Outage caused by mission duty cycle mixture 

Nominal propel lant  remaining, lb . . . . . . . . .  490 
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TABLE 2-111.- SM RCS PROPELTANT BUDGET 

EVENT S I C  *t  SM RcS Su RCS SM 
I L B S I  USED L f f T  R C S  

ILBSI ( ~ 8 5 1  LEFT 

S O  SM-HCS C H E C K O U T  
* O N  PROPULSIVE 

3 .1  T R A * S ? O S l T l O N  A N 0  D O C K I N G  
* X  e 8  F P S S N U L L  r 3  

3 .1  P I T C H  T O  ACQUIRE S I V B  
PITCH I80 OEC I*CDEG/SEC 

3 r l  ROLL C S M  AT 0 . 5  D L G / S E C  

9 . 3  SP5  B U R N  
B U I L D  UF 

4 * 3  STEADY S T A T E  4 U 4 V  1 1  

LS087. 

6 5 8 8 7 .  

6 5 8 7 7  

6 5 8 7 5 .  

6 5 0 1 4 .  

65860. 

65830. 

6580q. 

9 5 8 3 6 .  

9 5 8 3 1  

9 5 8 3  I 

9 5 8 2 8 .  

9 5 7 9 3 .  

9 5 7 5 1  

. O  

. O  

10.5 

2 . 4  

100. 

9 9  0 

9 9 .  

9 9 .  

9 8  e 

9 6 *  

9 4  

9 4 .  

9 3 .  

9 3 .  

9 3 .  

9 3  * 

9 3 .  

9 3 .  

J 
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
E v E \ , T  S I C  * T  SM H C 5  S H  RCS S p  

4.9 O R I E N T  T O  H O N l T c R  S L I N G S H O T  
0.2 OEG/SEC ~ 6 h C 5  

5.0 P 5 2  !MU A L I G N  

5 0 5  O R I c N T  F O R  N A V  \ l b H T I N G S  

5 . 7  O R I L N T  F O R  N A J  G I G H T I N G S  

8 0 7  P 5 2  I M U  A L I G N  

957 '16 .  

957 '12 .  

9 5 7 3 8 .  

9 5 7 3 3 .  

9 5 7 2 9 .  

' 35725 .  

9 5 7 2  1 

9 ¶ 7 1 5 .  

P I 7 1  I 

S C S  9 S 7 \ 1 .  

Y 5 7 1 0 .  

9 5 7 0 8 ,  

9 5 7 0 5 .  

9 5 7 0 1  

9 5 7 0  1 

U S E O  
I L 9 5  I 

'1.3 

4 . 2  

4.3 

Y.2  

4 . 3  

4 . 2  

'1.2 

5 . 2  

3 . 9  

. a  

. Y  

2 . 7  

2 0  '1 

403 

. Y  

L E F T  
I L E 5  1 

1 2 ' 1 8 . 1  

12'1'1.0 

1 2 3 9 . 7  

1 2 3 S . S  

1 2 3 1 0 2  

1 2 2 7 0 0  

1 2 2 2 . 7  

1 2 1 7 . 6  

1 2 1 3 . 7  

1 2 1 2 . 9  

1 2 1 2 . 5  

1 2 0 9 0 8  

1 2 0 7 * 4  

1 Z U 3 0  1 

1 2 0 2 . 7  

RCS 
L E F T  
( 1 )  

9 3 .  

9 3 .  

9 2 .  

9 2 .  

9 2 .  

V I .  

9 1 .  

9 1  

9 0 .  

90. 

9 0 .  

9 0  

9 0  

VU.  

9 0 .  



TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

E V E N T  

IO94 € S T  

F O R  P I C  
s 0 . 2  Dfc;/SEC 

TUDE H O L D  0 . 2  O S G  0 8  

0 . 3  D E G I S E C  R O L L  

76198 .  

I 1  9 5 6 6 2 .  

9 3 6 2  I 

9 5 6 2 0 .  

T f j 1  B e  

9 5 1  ’). 
S C S  9 5 6 1 3 .  

95112 .  

9 3 6 0 3  9 

9 5 5 9 9 9  

9 5 5 9 ’ ) .  

9 5 5 9 0 .  

9 5 5 8 6 .  

9 5 5 d 2 .  

T 5 4 7 0 r  

90 

9 1  

.a  

1 . 1  

. 



7 

TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
E V E r . 1  

V 

2 1 . 8  ORIENT F O R  PTC 
J A X I S  0 . 2  OEG/SEC 

2 1 0 8  ATTlTUDE HDLh 0 . 2  D C G  U B  

2 1 . 8  PITCH AND Y A . .  C O N T H O L  

2 7 . 6  L S T .  0.3 O E G I S C C  POLL 

3 2 . 0  F I T C H  AND Y A &  C r i N l R O L  

4 5 r U  P 5 2  IMU ALIGN 

S / C  W T  S R  R C S  S M  RC5 SM 
i k a s )  U S E O  LEFT R C S  

I L B S )  I L B S )  LEFT 

9 5 5 7 Y .  

s c s  9 5 5 7 9 .  

9 5 5 7 3 .  

9 5 5 7 D .  

9556 '50  

VS561. 

9 5 5 4  1 

9 5 5 6  1 e 

9 5 5 5 7 .  

9 5 5 5 3 .  

9 5 5 5 2 .  

9 5 5 5 2 .  

9 5 5 4 3 .  

9 5 5 3 5  . 
95530. 

3 . 9  1155.4 

e 8  l i 5 4 . 6  

.44 1 1 5 4 . 2  

3.6 1150.6 

4.3 11446.3 

Y.2 11442.2 

. 3  Ll441.9 

r O  11'41.9 

'4.2 1 1 3 7 . 7  

4.U 1 1 3 3 . 7  

.'I 1 1 3 3 . 3  

. 4  1 1 3 2 . 9  

8 . 7  1 1 2 4 4 ~ 2  

8 . 1  lll5.b 

1 % )  

8 b  a 

8 6 .  

8 6  

8 4 .  

8 5 0  

8 5 .  

8 5 0  

8 5 .  

8 5 .  

0 4  . 
844 0 

844. 

844. 

63. 

44.2 1 1 1 1 . 2  8 3 .  
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TABIX 2-111.- SM RCS PROPELLANT BUDGET - Continued 
LVEb.7 

. 
5 1 . U  CTC T E S T  * / O  A T T  CONTROL 9 5 ‘ 4 9 9 .  12.0 107Sr2 8 0 .  

53 .0  P 5 2  I H U  A L I G N  95’490. ‘ 4 0 2  1071.0 Y O .  

5’1.1 M I D C O U R S E  CORRECTION NO 3 
VNVR T O  BURN A T T  

5 4 . 1  A T T I T U D E  HOLn 

5 4 r l  SPS BURN 
U U I L O  UP 

5 9 . 1  S T E A D Y  S T A T E  gUnN 

95‘4e1. ‘1.2 1061.8 79. 

95416, 0 9  lOLb.4 79. 

5 4 0 1  T A I L O F F  9 5 l ( l I .  .9  1015.5 79. 

5 9 . 1  D A M P  S H U T O D D A N  T R A N S I L N T  9511111. 1 . 1  I O I ’ 4 * *  79. 

95399. 9.0 10‘49.4 7 8 0  

5 4 . 5  f i T T l T U D E  HOLD 0 . 2  O E G  O B  s c s  95399. . a  1 0 q e . 7  7 8 .  

5 9 . 5  ~ S T I  0 . 3  OEGISEC ROLL 95398. 0 9  1098 .3  78. 

9 5 3 9 0 .  7 . 8  10‘10.5 7 8 0  5’4.5 P I T C H  AND Y A 1  CONTROL 
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

9 5 3 8 3 .  7 . 8  1 0 3 2 r 7  77.  

7 1 . 1  M I D C O U R S E  C O R R E r T l O N  hrfJ 4 
M N V R  T O  B U R R  F T T  

9 5 3 7 4 .  4 .2  102C)*2 7 6 .  

9 5 3 7 0 .  4.0 1 0 1 9 * 0  7 6 .  

7 1  a S  A T T l T U O E  HOLE 0 . 2  bEG O B  S C S  9 5 3 6 9 .  a 8  1 0 1 9 * 0  7 6 .  

75aL( p 5 2  I H U  A L I G N  

7 5 . 9  SEXTANT S T A R  C H F C h I N G a M I N  lnPULSk 9 6 3 5 8  . Y  1 0 0 8 . 2  7 5 .  

7 6 . 2  A T 1  I TUDE HCLf: a 9 5 3 5 9  * 4  1 0 0 3 * 6  75.  
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

7 6 . 2  S T A R T  T R A N S I E t J l  C O N l R O L  9 5 3 5 2 .  1 .3  1 0 0 2 . 3  7 5 .  

7 6 . 5  L O 1  BURN 
U U I L D  UP 

1 1  7 1 7 6 6 .  .6 1 0 0 1 . 7  7 5 .  7 6 . 5  STEADY S T A T E  HURN 

7 6 . 5  A I L O F F  

7 6 . 5  OAMP SHUT D O W N  T R A N S I E N T  

7 4 . 5  O R I E N T  T O  TRACKING A T T I T U D E  
P I T C H  T O  ORDFAL 

7 6 . 5  H O L D  A T T I T U D E  

7 6 . 5  T V  ALLOWANCE 

7 9 . 6  STAR CHECK n M l N  I M P  CONTROL 

8 0 . 6  L O 1  2 LPO C I k C  
rlNVR T O  BURN C T T  

8 0 . 9  5PS R I J R N  

~ U I L D  U P  

8 0 . 9  L T E A D Y  S T A T E  D U R N I Y a S  FPS P G N C S  



11 

TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
T I M E  
( H R )  

D A M P  S H U T O O C R  T R A N S I E N T  7 0 6 a 7  9 1 . 1  9 6 3 9 7  7 2 .  8 0 . 9  

8 3 . 5  REORIENT 7 0 6 5 7  3 . 4  953 .4  7 1 .  

8 5 0 5  MANLUVER 1 0  O R D I f A L  S L E E P  R O D E  7 0 6 4 6  3 . 4  9 r t . a  7 0 0  
ASSUME S A M E  r S  P T C  

9 0 . 0  f ' 1 T c t i  AND Y A l !  C O N T R O L  

9 5 . 5  p 5 2  I M U  A L I G N  

9 5 . 5  R E O R I E N T  

9 5 . 5  HEORIENT 

9 7 . 0  I ~ R ~ E N T A T I O N  WaMEuvERs 



TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
C V E k T  SW R C S  SH 

L E F T  HCS 
l L 8 S J  LEFT 

( 9 )  

T I M E  
( H R I  

9 8 1 0  

9 8 . 5  

9 8 . 5  

9 8 . 8  

9 8 . 9  

9 9 . 2  

9 9 . 1  

9 9 . 4  

9 9 . 6  

9 9 . 8  

9 9 . 8  

1 0 2 . 0  

1 0 2 0 5  

l 0 2 r V  

1 0 2 r 9  

O R I E N T  T O  U N o o C K I # G  A T 1  70624. 3 . 4  9 2 0 1 9  6 9 r  

UNDOCK 4 0 5 8 8 .  4 .9  9 1 5 . 9  6 8 .  

S T A T I O N  K E E P  F c > ~  LM P H O T O G R A P H Y  4 0 5 7 8 .  I O r O  9 0 5 . 9  6 7 .  

R E O R I E N T  F O R  M s b N  A c O U 1 S I T ; O N  ' l 0 5 7 6 .  1 . 7  9 0 4 . 3  6 7 r  

9 0 3 6 5  b 7 0  

8 9 8 . 5  6 7 .  

198.1 6 7 .  

8 9 7 r h  6 7 .  

8 9 7 r l  6 7 .  

H E U R  I E N T  40568. 05 8 9 6 . 6  6 7 0  . 
8 9 3 . 1  6 7 0  

P 5 L  I M U  A L I G N  4 0 5 6 J .  I . 7  8 9 1 . 5  6 6 .  

8 8 7 . 1  6 6 0  



TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

S I C  sT S M  R C S  S M  R C S  SH EVEt.1 
( 1 - 8 5 )  U q E O  L E F T  R C S  

( S I  
I L B S )  ( L e 5 1  LEFT 

4 0 5 5 7  1.7 885.1  6 6 .  1 0 3 . 2  P S 2  I M U  ALIGN 

. 
103.8  flNVH T O  B U R N  A T T  

103.8  A T 1  HOLD 

1 0 4 . 0  R E O R I E N T  S P A C E C R A F T  4 T I H E S  

105.4 M A N E U V E R  T O  T P I  A T T I T U D E  0 
1 0 6 . 0  FOUR M A N E U V E R S  1 0  A T T I T U D E  

106.0  ~ I N I M U M  I Y P U i  SE C D h T R O L  

IU6.S R E O R I E N T  F O R  M S F b  

104rS T V  ALLORANCE 

1 0 6 . 9  O R I C N T  T O  D O C K l k G  A T T I T U D E  

40553. 1 . 7  8 8 1 . 7  6 6 .  

’ 1 1 3 5 4 ~ .  .9  871r2 45.  



TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
E ' J E ~ v T  

ioe.6 O R I E N T  FOR S E P  BUHN r 6 1 n b .  1 .2  8 5 0 . 9  b 3 *  

115.0 P I T C H  AND I A N  CONTROL ' ( 0 5 0 8 .  4.0 836.3 62. 

1 2 2 . 5  HEOHSENT F O R  L A M U M A R K S  

3 T l M t S  P E R  N f V  

124.5 R E O R I E N T  F O R  L A N D M A R K S  
3 T I M E S  PER i iLV 
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

E v E b T  

1 2 6 . 5  ROLL T O  A C Q U I R E  HSFN 

3 TIMES PER R E V  

128.5  ROLL T O  A C Q U f R E  HSFN 

1 2 8 . 5  MIN:MUM IHFUkSE M A R K I N G  

1 2 8 . 5  R L O R ~ C N T  3X F O R  P H O T O G R A P H Y  

I 2 8 r 5  AUTO O R 8  R A T E  

1 2 9 . 0  P 5 7  IHU A L f G N  

1 2 9 . 3  S A T  STAR CHECK 

HNVR T O  BURN A T T  

$0’176.  
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

1 2 9 . 8  S P S  BURN 
B U I L D  UP 

1 2 9 1 8  S T E A D Y  S T A T E  HURN 1 3 6  5EC P G N C S  3 1 2 9 3 .  02  7 8 8 . 0  5 9 .  

1 2 9 . 8  DAMP SHUTDOnr. .  T H A h l S I E N T  3 1 2 5 1 .  1 . 1  7 0 6 . 3  5 9 .  

1 3 0 1 0  MANEUVER F O R  MSFN A C O U  IS 1 1 . 1  O N  3 1 2 5 0 0  1.5 785.4l 5 9 .  

131 .7  P 5 2  I W U  A L I G N  
1.5 7 8 3 . 9  56. a 3 1 2 4 8 .  

3 1 2 4 8 .  07 7 8 3 . 2  5 8 .  

1 3 2 . 0  A T T I T U D E  HOLi :  0 . 2  D E 6  DB S i S  3 1 2 9 7 .  .k l  7 8 2 . 4  5i4. 

1 3 2 . 0  LSTa 0.3 O E G I S E C  WOLL 3 1 2 9 7 .  . Z  7 8 2 . 2  58. 

1 4 4 r l )  MIDCOURSE C O R R E C T I O N  N O  5 
MriVR T O  B U R N  A T T  

3 1 2 2 6 .  2 . 2  7 6 1 . 4  5 7 .  

3 1 2 2 ' l o  1.5 7 5 9 . 9  5 7 .  

a 3122'1. 03 7 5 9 . 7  5 7 .  
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 

EVEkT S i c  k f  SM RcE SM RCS SH 
l ~ B 5 )  USED LEFT RCS 

I S )  
( L B S )  ILBSI LEFT 

14'4.6 DEL' VEL NOM Z E R O  3 1 2 2 9 .  e o  759.7 57. 

1 9 6 . 0  PTC T E S T  w / O  A T T  CONTROL 31215. 910 750.7  5 b a  

1 4 8 . 0  P T C  TEST N/O A T T  C O N T R O L  31206. 9 . 0  7YI.7 55 .  

150.0 P T C  T E S T  vi10 A T T  CONTROL 31 1 9 7 .  9.0 732.7 551 

1 5 6 . 0  PSZ I R U  ALIGN a 

1 5 6 . 5  € S T .  0.3 D E b I S E C  ROLL 

1 5 b . 5  P I T C H  AND V A r r  CONTROL - 
171.t) P S 2  I M U  ALIGN 

173.5 O R I L k l  F O R  PTC 
) A X I S  0 . 2  DE.c,/SEC 

173.5 ATTITUDE H O L o  D.2 OEG OB 

3 1  102.  1.5 727.2 54. 

725.7 

725.5 

7 1 1 . 5  

710.0 

709.3 

7 0 8  a 5 

706.3 

?O'I * a 

54 

5 4  

5 3 .  

53. 

53 

5 3 .  

53. 

52.  
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TABLE 2-111.- SM RCS PROPELLANT BUDGET - Continued 
€ V E h T  

175.0  P 5 2  I W U  A L I G N  

1 7 6 . 2  M I  O C O U R S E  C O R R f C ?  I UN NO L 
flNVR T O  BURN A T T  

3 1  1 6 6 .  1.5 7 0 1 . 3  5 2 .  

1 7 4 . 7  A T T I T U D E  HOLb U* i !  D E G  O B  SCS 3 1 1 4 6 .  0 8  6 8 1 . 3  5 1 .  

188 .3  M I O C O U R S E  C O R R E C T I O N  NO 7 
M N V R  T O  BURN A T 7  



TABLE 2-111.- SM RCS PROPELLANT BUDGET - Concluded 

E V E N T  

%his i s  t h e  t o t a l  propellant remaining and does not account f o r  mission duty 
cycle mixture r a t i o  s h i r t  o r  other unusables. 
490 pounds as shown i n  t a b l e  2-11. 

Usable propellant r e a i n i n g  is 
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3.0 THE SPS ANALYSIS 

Weight assumptions for  the SPS analysis a re  shown i n  t a b l e  3-1 
( r e f .  3, amendment 4 1 ) ;  SPS performance parameters were taken from 
reference 1. 

The SPS propellant budget for  a May 17 launch, 72' launch azimuth, 
f i r s t  opportunity inject ion is  presented i n  t a b l e  3- I I (a ) .  
propellant budget fo r  a May 18 launch with a 72' launch azimuth, 
f irst  opportunity inject ion,  61-hour lunar o rb i t  t i m e ,  and 2-day 
re turn  is  shown i n  t ab le  3-11(b). 
AV of 900 fps t o  provide t h e  capabili ty t o  perform a worst case LM 
rescue, t o  re turn  by use of the SCS, or t o  re turn  from any lunar 
o rb i t .  

The 

Both budgets include a contingency 

The May 18 launch has two other sets of AV associated with it, 
one which assumes a 51-hour lunar s tay  (TEI  of 3198.8 f p s ) ,  and 
the  other which assumes a 61-hour lunar s tay and 3-day re turn  
(TEI of 2818.8 f p s ) .  
t r a j e c t o r i e s  a re  shown i n  tab le  3-11(b). 
900 fps  would be used fo r  a quick ear th  re turn  or for  a LM rescue i n  
t h e  last  case. 
i s  1837 pounds, and for  the May 18 launch, f a s t  re turn  [ tab le  3- I I (b) ]  
i s  818 pounds. 

The propellant margins associated with these 
The contingency AV of 

Propellant margin for  t he  May 17  launch [ tab le  3 - I I ( a ) ]  

. 
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TABLE 3-1.- ASSUMPTIONS FOR THE SPS ANALYSIS 

1. Each SPS engine start used 1 4 . 4  lb of propellant 
i n  nonpropulsive lo s ses .  

2. Spacecraft weights 

CM, l b . .  . . . . . . . .  12 276.8 
SM, lb . . . . . . . . . .  10 641.8 
SLA r ing ,  lb . . . . . . .  98.0 
Tanked SPS, lb . . . . . .  40 633.7 
LM (unmanned), lb . . . .  30 848.8 

Spacecraft a t  TLC, lb . . .  94 499.1 

3. SM RCS, EPS, and ECS weight l o s ses  

Miss ion  Period 

Lift-off t o  MCC-1 . . . . . . . . .  
MCC-1to LOI-1 . . . . . . . . . .  
LOI-1 t o  LOI-2 . . . . . . . . . .  
LOI-2 t o  TEI . . s . . 

Incremental weight 
l o s s ,  lb 

89.4 
185.5 

30.5 
234.8 
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TABLE 3-11.- SPS PROPELLANT SUMMARY 

(a )  May 17 launch, 72' launch azimuth, 
f irst  opportunity i n j e c t i o n  

I t e m  

Loaded 

Trapped and unavailable 

Outage 

Unbalanced meter bias 

Available f o r  AV 

Required f o r  AV 

TLMC (120 f p s )  

LOI-1 (2866.3 f p s )  

LOI-2 (137.7 f p s )  

TEI  (3252.2 f p s )  

Nominal remaining 

Contingency AV (900 f p s )  

Dispersions (-3u ) 

Propellant margin 

Propellant 
requi red ,  lb 

-- 
441.4 

78.5 
100.0 

-- 

1 1 2 8 . 4  
23 004.0 

962 9 
10  507.8 

-- 
2 238.7 

537.6 

~ 

Propellant 
remaining, lb 

40 836.0 

40 316.1 
40 216.1 
40 216.1 

39 087.7 
16  083.7 

4 613.0 
4 613.0 
2 374.3 
1 836.7 
1 836.7 

40 394.6 

1 5  120.8 
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TABLE 3-11.- SPS PROPELLANT SUMMARY - Concluded 

( b )  May 18 launch, 72O launch azimuth, 
f irst  opportuni ty  i n j e c t i o n  

It em 

Loaded 

Trapped and unavai lable  

Outage 

Unbalanced meter b i a s  

Available f o r  AV 

Required f o r  AV 

TLMC (120 f p s )  

LOI-1 (2856 f p s )  

LOI-2 (137.4 f p s )  

TEI (3693.5 f p s )  

Nominal remaining 

Contingency AV (900 f p s )  

Dispersions (-30) 

Prop e l l a n t  margin a 

Propel lant  
requi red ,  lb 

-- 
441.4 
78.5 

100.0 

-- 

1 128.4 
22 932.5 

961.8 
11 711.6 

-- 
2 123.4 

540.0 

-- 

Propel lan t  
remaining, lb 

40 836.0 
40 394.6 
40 316.1 
40 216.1 
40 216.1 

39 087.7 
16  155.2 

1 5  193.4 
3 481.8 
3 481.8 
1 358.4 

818.4 

818.4 

?For a 51-hour lunar  o r b i t  time and a TEI AV of 3199 f p s ,  
propel lant  margin i s  1884.3 l b .  
and a TEI AV of 2819 f p s  (3-day r e t u r n ) ,  t h e  propel lan t  margin 
i s  2852.9 l b .  

For a 61-hour luna r  o r b i t  time 



27 

1. Data f o r  t h e  LM RCS engine performance and 
propellant requirements were obtained from reference 2 

2. All or ien ta t ion  maneuvers were assumed t o  be 
made at 2.0 deg/sec. 

3. A l l  o r ien ta t ion  maneuvers were assumed t o  be 
3-axis maneuvers. 

4. Line-of-sight with the CSM was assumed t o  be 
maintained i n  t h e  minimum impulse mode. - 

4.0 THE LM RCS PROPELLANT ANALYSIS 

TABLE 4-1.- GROUND RULES AND ASSUMPTIONS 

TABLE 4-11.- LM RCS PROPELLANT SUMMARY 

Description 

Loaded . . . . . . . . . . . .  
Trapped . . . . . . . . . . .  
Nominal del iverable  . . . . .  
Gaging inaccuracy and loading  

tolerance . . . . . . . . .  
Mixture r a t i o  uncertainty . . 
Usable . . . . . . . . . . . .  
Nominal mission requirement . 
Nominal remaining . . . . . .  

Propellant 
weight, lb 

. . . . . .  633.0 

. . . . . .  40.6 

. . . . . .  592.4 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

39.5 
17.0 

535.9 
359.7 
176.2 



TABLE 4-111.- LM RCS PROPELLANT BUDGET 

T I H t  L V E N I  T I T L E  S / C  W T  L M  L M  L H  
H R -  M ( L e y ,  u c s  UCS R C S  

USED L E ~ T  L E F T  

u o OUTPUT P R O P E L L A N T  L O A U I N G S  94959. .O 6 3 3 . D  ! O O .  

( ~ 8 s )  ( L B S )  ( r )  

94 58 RCS H O T  F I R E  

98 15 A G S  A c C E L L R A T I U N  A N 0  h Y R 0  C A L I  94952. 2.0 626.0 99. 
B R A T  I O N S  

9a 3 3  U N D O C K I N G  31307. - 0  a2b.O 99. 

98 47 MNVK FOR I N S P  AND F O K  F L Y  31297. 10.0 f 1 6 . U  97. 

99 2 0  P Z O  R R  L O C K  ON 31293. 4 . 1  !ll.9 97. 

99 2 8  M A ~ N T A I N  RR T M A C K I N G  8 M l N  31292. .e 411.1 97. 

99 29 I M U  R E A L I G N  S I N G L t  S T A K  31288. 4 . 1  407.1 91. 

99 29 I M u  R E A L l h N  S I N G L E  S T A R  31284. 4 . 1  a U 3 . 0  95. 

99 2 9  1 M U  R E A L l b N  S 1 N G L t  STAR 31280, 4 . 1  598.9 95. 

9'9 54 MNVK T O  8 U R N  A ! l l T U U E  31276. 4 . 1  bV'Ir8 94. 

99 59 A T T I T U D E  H O L U  312760 .O 594.8 94. 

99 59 A T T I T U D E  HOLD 31276. 0 2  594.4 94. 

99 5 %  2 JET U L L A G E  3 1 2 7 0 .  5.9 bU8.7  93. 

9V 54 DESCENT ONBIT I N S E R T .  BUWN 31036. .O 588 .7  93. 

99 5'i MOMENT CONTROL 31029. 7.0 bMl.7 9 2 0  

90 b y  A T T I T U D E  HOLD 310211. 0 5  5OlrZ 92. 

IOU 2 0  R R  LOCK ON 31024. '4.1 577.2 91. 

I O U  5 0  M A I N T A I N  H K  T R A C K I N G  Z b  W I N  31022. 2.5 574.7 91. 

1 U U  50 P I T C H  DOWN 90 UEGa 3102Uo 1.7 5 1 3 . 0  91. 

I U U  50 Y A W  LEFT 180 O L G .  31019. 1.5 b71r5 90. 

I O U  5 U  Y A W  R I G H T  1 8 0  U E G o  31017. 1.5 570.0 90. 

I O U  5u P I T C H  UP YO O t b .  31017. - 1  5 7 0 . 0  90. 

I O U  5 9  VNVR T O  BURN A ! T I l U D E  31013 .  4 . 0  565.9 89. 
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TABLE 4-111.- LM RCS PROPELLANT BUDGET - Continued 
T I N E  EVEN1 T I T L E  S / C  I T  L M  L M  LM 

HI? ' M  c ~ e s )  R C S  ws a c s  

l i e s )  ( L B S i  ( a )  
USLO LEFT LEFT 

IOU 5 9  ATTITUDE H O L D  31013.  0 0  565.9 89. 

100 - 5 9  ATTITUOE HOLD 31013.  0 2  b 6 S t 7  89. 

100 5 9  2 JET ULLAGE 3 1 0 0 7 0  5.9 559.8 880 

I O !  6 DPS PHASING B V R N  3 0 3 9 4 .  0 0  5 5 9 0 8  88. 

I O 1  6 MOMENT CONTROL 3 0 3 9 2 .  1.5 558.3 881 

I O !  6 ATT1TUOE HOLD 3 0 3 9 2 .  0 5  5 5 7 . 8  88. 

101 6 Y A W  3 0 3 9 1 0  1 . 4  b 5 6 r 4  8 8 1  

101 6 P I T C H  3 0 3 0 9 .  1.7 5 5 4 . 7  8 8 .  

IO! IO R R  L O C K  ON 30385 .  4 . 0  5 5 0 . 7  87.  

IO1 2 8  MAINTAIN K R  - -  l N A C K I N G  30383, 1.8 b'IB.9 8 7 .  

IO! 28 IMU R E A L I b N  S I N G L E  S T A N  30379 .  4 . 0  5 4 4 * 9  8 6 0  

I O !  2 8  IMU R E A L I G N  SINGLE S T A H  30375 .  4 . 0  590.9 8 5 .  

io! 28 C O A S  CALIeRATL'JN 3037! .  ' t o 0  5 3 6 r 9  8 5 0  

I O !  !'I R R  LOCK ON 

102 53 M A I N T A I N  !RACKING 

102 53 ORIENT F O R  STA41NG 30355.  ' l o 0  5 2 1 0 3  82.  

102  53 STAGING 

102  5 3  S T A R T  S l ~ b l N h  

I02 53  COMPLETE S T A G I N h  8361. 1.9 5 ! 7 0 6  82. 

I02 53 MNVK T O  BURN A!TI!UOE 8360. ._ 0 8  516.8 8 2 0  

102  53 ATTITUDE HOLD 8360. 0 2  51606 82. 

102  53 ATTITUDE HOLD 8359 .  09 S!5.7 81 .  

I U 2  53 'I JET ULLAGE 8353.  5.7 b l D . 0  - -  8 J .  

103 't MOMENT CONTWOL I N S E R T I O N  BURN 81760  1.3 508.8 8 0 .  

103 Y NULL DVEL IFP? A A X I S  8175 .  t 9  bU7.9 80. 



TABLE 4-111.- LM RCS PROPELLANT BUDGET - Continued 
TlHk 

nR H 
EVEN! T I T L E  

l U J  Y N U L L  DVEL IFP? Y A X l S  

103 Y N U L L  D V E L  IFPS Z A A I S  

103 4 A T T l T U O E  HOLO 

1 0 4  53  A T T I T U D E  HOLD 

104 53 con + z  eunN 

L H  
NC s 
LEF I 
t o 1  - 

8 0 .  

eo 

7 9 e  

7 9 .  

7 9 -  

7 9 .  

7 8  e 

7 8 -  

7 8 -  

78. 

7 b e  

7 5 -  

7 5 .  

7 5 .  

7 4 -  

7 4 .  

7 3 .  

73- 

7 3 .  

7 2 -  

7 2 -  

7 0 -  

70- 

7 0  e 

, 



TABLE 4-111.- LM RCS PROPELLANT BUDGET - Concluded 

I I H L  L V E N f  T I T L E  s / c  IT 
HR H { L B S ,  

105 23 A T T l T U O C  H O L O  

IDS 2 9  T P I  R C S  B U R N  

105 2 9  A T T I T u O E  HOLD 

105 5 1  O R I E N T  T O  A T T I T U O t  

105 5 1  A T T I T U O E  H O L D  

106  . -  12 H N V R  TO BURN A I l I I U O E  

- .  

101 12 A T T I T U O L  HOLD 

106 12 A T T I T U D E  HOLD 

106 1 2  TPF +Z BURN - -  

106 12 ATTITUDE H O L D  

106 12 A T T I T U D E  HNVR! AND L O 5  C O N T R O L  

106 38 F O R M .  F L Y I N G  

106 55 D O C K I N G  

8 0 7 7 ,  

8 0 5 5 ,  

8 0 5 3 .  

8 0 5 2  8 

8034  

8 0 3 3 8  

80338  

80328 

7 9 0 2 8  

7 9 8 0 8  

7954  8 

79428 

71546. 

LH 
R C S  
LEF! 

7 0 8  

b7  8 

4 7  8 

6 7  

b 4  

6 4  

6 4  8 

64 8 

5 6  8 

S I .  

5 2  8 

5 0  

43 

NOTE: 
during t h e  APS burn t o  deplet ion (assumes Z 

burnout) is  139 lb. 

The APS propel lant  used through t h e  RCS f o r  moment cont ro l  
= 2.1 i n .  a t  c.g. 

. 
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5.0 THE DPS ANALYSIS 

The assumptions f o r  t h e  DPS analysis a r e  presented i n  table  5-1, 
and t h e  DPS propellant requirements are shown i n  t a b l e  5-11. The loading 
numbers a r e  from amendment 41 of reference 3. 
t h e  following t h r u s t  p r o f i l e s :  DO1 performed at 10 percent f o r  

Burn requirements r e f l e c t  

15 seconds 
10 percent 
propel lan t  

and a t  40 percent f o r  11.7 seconds, phasing performed a t  
f o r  26 seconds and F.T.P. a t  10  percent f o r  15 seconds. 
margin of 16 767 pounds ex i s t s .  

A 

TABLE 5-1.- ASSUMPTIONS FOR THE DPS ANALYSIS 

1. Mixture r a t i o  = 1.6  f 0.024. 

2. 
engine s tar t .  

Propellant cost f o r  engine and valve operation i s  8.6 lb per 

3. Buildup and t a i l o f f  cost  i s  19.15 l b  of propel lan t  per burn. 

4. Propellant flow r a t e s  f o r  various t h r o t t l e  s e t t i n g s  were taken 
from reference  2. 
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TABLE 5-11.- DPS PROPELLANT SUMMARY 

a 
Item 

Loaded 

Trapped outside tanksa 

Tanked 

Trapped inside tanks 

3a outage 

Available f o r  AV 

b Required fo r  AV 

a 

D O I ,  72.8 f p s ,  26.7 secC 

Phasing, 193.5 f p s ,  41.0 sec 
d 

Prop e l l  an t  margin 

Propel lan t  
requi red ,  lb 

95.5 

272.0 

214.5 

255.7 
625.0 

Propel lan t  
remaining, l b  

18 229.5 

18 134.0 

18 134.0 

17 862.0 

17 647.5 

17 647.5 

17 391.8 
16 766.8 

16 766.8 

a 

bIncludes nonpropulsive usage and bu i ldup / t a i lo f  f usage. 

Reference 3, amendment 41. 

1 5  seconds a t  10% and 11.7 seconds at  40%. 

‘26 seconds a t  10% and 15 seconds at F.T.P. 

C 
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6.0 THE APS ANALYSIS 

a 
.. 

* 

a 

. 

* 

The assumptions f o r  t h e  APS ana lys i s  are presented  i n  t a b l e  6-1. 
The APS prope l l an t  budget i s  presented i n  t a b l e  6-11. 
usable p rope l l an t  were taken  from amendment 41 of r e fe rence  3 and as- 
sume a 50 percent  APS p rope l l an t  loading. The CSI w a s  performed wi th  
RCS p rope l l an t  f o r  10  seconds and with APS prope l l an t  through t h e  
RCS/APS in te rconnec t  f o r  22 seconds. Because of t h e  APS burn t o  
dep le t ion ,  a zero APS prope l l an t  margin e x i s t s .  

The d a t a  f o r  

TABU 6-1.- ASSUMPTIONS FOR THE APS ANALYSIS 

1. 1 = 306.3 f 1 . 5  sec .  
SP 

2. APS prope l l an t  tanks  a r e  50% loaded. 

3. Ascent s t age  a t  e a r t h  l i f t - o f f  weighs 8012 l b  (unmanned). 

4.  LM RCS and EECOM weight l o s s  i s  88.6 l b  p r i o r  t o  i n s e r t i o n  
burn. 

5 .  Mixture r a t i o  = 1 . 6  k 0.0183. . 

6. Engine and va lve  operat ion uses 3.6 l b  of p rope l l an t  per  APS 
burn. 

TABLE 6-11.- APS PROPELLANT SUMMARY 

Item 

Loaded 

Trapped ou t s ide  tanks 

Tankeda 

Trapp9d i n  tanks  

Avai lab le  f o r  AV 

Required f o r  AV 

a 

a 

I n s e r t i o n ,  213.3 f p s ,  14.5 s ec  
CSI, 50.3 f p s ,  22 sec  through interconnect  
Burn t o  dep le t ion  

P rope l l an t  marnin 

P r  ope l i an t  
requi red ,  l b  

12.7 

40.4 

182.1 
32.3 

2364.2 

Propel lan t  
r eqa in ing  , lk 

2631.7 

2631.7 

2619.0 

2578.6 

2578.6 

2396.5 
2364.2 

0 

0 

a Reference 3 ,  amendment 41. 



7.0 ASSUMPTIONS AND RESULTS OF THE EPS ANALYSIS 

The power l e v e l s  of each component were obtained from reference  1; 
t h e  cryogenic loading data were obtained from reference  3. 
because t h e  component da t a  f o r  F mission were not available, t h e  D m i s -  
s ion  component values  were used. 
used f o r  TLC and TEC. 

However, 

Cis lunar  hea ter  c y c l i c  r a t e s  w e d  

The EPS p r o f i l e  presented i n  f i g u r e  7-1 ind ica t e s  t h a t  no se r ious  
problems e x i s t .  
May 17 launch da te  even with a one-tank f a i l u r e  a t  T E I .  However, a 
May 18 launch da te  w i l l  r equ i r e  poweri-ng t h e  veh ic l e  down during TEC 
with a tank f a i l u r e .  
dura t ion  i s  increased by 24 hours.  Figure 7-4 presents  t h e  t o t a l  DC 
energy t h a t  accumulates during t h e  mission. 

There a r e  ample cryogenics ( f i g s .  7-2 and 7-3) f o r  t h e  

The cryogenics become marginal because t h e  mission 

The metabolic 0 requirements were a l t e r e d  t o  0.197 l b / h r ,  r a t h e r  

This 
2 

than  0.23 lb /h r ,  based on p o s t f l i g h t  analyses  of Apollo 7 and 8. 
a l t e r a t i o n  corresponds t o  approximately 400 Btu/hr as compared with 
467 Btu/hr.  

The 45 A-h r a t i n g  mentioned i n  assumption 3 a l s o  w a s  based on, 
p o s t f l i g h t  t e s t i n g  of t h e  en t ry  and post landing b a t t e r i e s  . 



TABLE 7-1.- ASSUMPTIONS FOR THE CSM EPS ANALYSIS 

8. Two SPS midcourse corrections were assumed. 

9. 
on b a t t e r y  B. 

Six b a t t e r y  charges were assumed: t h r e e  on battery A and t h r e e  

10. Five percent uncertainty i n  the EPS p r o f i l e  i s  included i n  the  
cryogenic requirements. 

1. The system w a s  assumed t o  operate with t h r e e  f u e l  c e l l s  and 
two inver te rs .  

. 
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TABLE 7-11.- CRYOGENICS SUMMARY 

I t e m  

Loaded (two t a n k s )  

Less r e s i d u a l  
Less 2.65% ins t rumenta t ion  e r r o r  

T o t a l  usable  

Prelaunch requirements  

t minus 28.5 h r  t o  t minus 6 h r  a t  40A 
6-hr b u i l t - i n  hold at 40A 
t minus 6 h r  t o  t minus 2 h r  at 40A 
ECS requirements ( 3  h r )  
t minus 2 h r  t o  t (hr) at 75A 

T o t a l  

Mission requirements 

EPS 
ECS 

T o t a l  

Unc er t  a i n t  i es  

4.5-hr launch window at 75A 
5% uncer ta in ty  

T o t a l  

T o t a l  required 

Margin 

58.60 
2.32 
1.53 

54.75 

2.38 
.63 
.42 

.39 
3.82 

-- 

35.21 

35.21 

-- 

87 
1.76 
2.63 

41.66 

12.09 

660.2 
13.0 
17.5 

629.7 

18.4 
4.9 
3.3 

.7 
3 .1  

30.4 

268.5 

360.0 
91.5 

7.8 
13 .4  

21.2 

411.6 

218.1 

. 
I 
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8.0 THE CSM ECS ANALYSIS 

The CSM ECS analysis w i l l  be supplied when the detai led cperctional 
t ra jec tory  time l i n e  i s  available.  

. 

. 
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9.0 THE LM EPS ANALYSIS 

The LM descent and ascent  s t a g e  b a t t e r y  energy used f o r  t h e  nominal 
mission i s  550 A-h and 432 A-h, r e s p e c t i v e l y .  
sumptions 2 ,  3, and 4 of t a b l e  9-1 i n d i c a t e  t h a t  t h e  descent  s t a g e  and 
ascent  s t a g e  have 62 and 2 1  percent  energy remaining, r e s p e c t i v e l y .  

Unusables de f ined  i n  as- 

This  p a r t i c u l a r  a n a l y s i s  w a s  performed by an i n d i v i d u a l  b lock  type 
approach r a t h e r  t han  by t h e  i n t e g r a t i o n  of crew procedures  swi tch  set- 
t i n g s  through the  mission.  A s  Apollo 1 0  becomes more de f ined ,  more de- 
t a i l e d  data w i l l  be publ i shed ,  inc luding  t o t a l  spacec ra f t  cu r ren t  p r o f i l e s .  

TABLE 9-1.- ASSUMPTIONS FOR THE LM EPS ANALYSIS 

1. Energy available f o r  t h e  descent  s t a g e  bat ter ies  i s  1600 A-h 
and f o r  t h e  ascent  s t a g e  b a t t e r i e s  i s  592 A-h. 

2 .  Energy unusable f o r  t h e  descent  s t a g e  b a t t e r i e s  and t h e  a scen t  
s t a g e  b a t t e r i e s  because of l a c k  of MSFN coverage i s  2 1  A-h and 7 A-h, 
r e s p e c t i v e l y  . 

3. Energy unusable f o r  t h e  descent  s t a g e  b a t t e r i e s  and t h e  a scen t  
s t a g e  b a t t e r i e s  because of t e l eme t ry  inaccuracy i s  8 A-h f o r  bo th  v e h i c l e s .  

4.  Energy unusable f o r  t h e  descent  s t a g e  b a t t e r i e s  and t h e  ascent  
s t a g e  b a t t e r i e s  because of equipment power d i s p e r s i o n s  i s  28 A-h and 
22 8-h, r e spec t ive ly .  

5. The descent s t a g e  b a t t e r i e s  would go on t h e  l i n e  at l i f t - o f f  
minus 30 minutes wi th  no r e c y c l e  on t h e  pad. 
aga in  a t  t r a n s p o s i t i o n  and docking. 

They would go o f f  t h e  l i n e  

6. A l l  RCS quad h e a t e r s  were considered t o  be on cont inuously f o r  
1 hour p r i o r  t o  t h e  f i r s t  RCS hot  f i r e  t e s t .  

7 .  A l l  S-band equipment w a s  considered t o  be on cont inuous ly  from 
i n i t i a l  a c t i v a t i o n  u n t i l  t h e  completion of t h e  miss ion .  
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10.0 THE LM ECS ANALYSIS 

The LM ECS analysis w i l l  b e  supplied when t h e  d e t a i l e d  opera t iona l  
t r a j e c t o r y  time l i n e  i s  availabPe. 

c 
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